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DESCRIPTION and USE 


On Ae IN aN 


Aftronomical Inftrument, 


For taking ALTITUDES of the Sun and Stars 
at’. Se Ag 
WITHOUT an HORIZON; 


pe Gebel 7 Ti. Ey Raee iy ale 


An Ealy and Sure MetTHop of OpsERVING 


The Eclpfes of fupiter’s Satellites, 


Or any other PHoENoMENON of the like Kind, on Sh7p-board ; 


In order to determine the Dir FERENCE of MeERIpDIiaANs at SEA. 

To which are added, | 

TABLES for computing the Times when the Echpfes of the 
Firft Satellite of ‘fupiter happen under the Meridian of London. 
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The Right Honourable Sir CHARLES WAGER, Kwyr. 
Firft Lord Commiffioner of the Admiralty; Admiral of the White 
Squadron; and Mafter of the Trinity-Houfe, &c. 


The Right Honourable ARTHUR ONSLOW, Ef Speaker 
of the Honourable Houfe of Commons ; and Treafurer of the Navy, &c. 
Sir JOHN NORRIS, Admiral of the Red Squadron. 

Sir GEORGE WALTON, Admiral of the Blue Squadron: 
Sir HANS SLOANE, Bart. Pr. Col. Med. Med. Reg. and 

Prefident of the Royal Society. 
EDMUND HALLEY, LZ L D. Royal Aftronomer of 


Greenwich. 


RICHARD BRADLEY, mM % Savilian Profeffor of the 
Mathematics in Oxford. 


NICHOLAS SANDERSON, L ELE D. Lucafian Profe/- 
for of the Mathematics in Cambridge. 


ROBERT SMITH, ZZ D. Plumian Profefor -of the 
Mathematics in Cambridge. 


The Honourable Sir THOMAS HANMER, Bart, 
The Honourable WILLIAM CLAYTON, Ef; 


Commiffioners appointed by Ac of Parliament, for the Difcovery of the 
Longitude at Sea, and for examining, trying, dnd judging of all 
Propofals, Experiments, and Improvements relating to the fame. 


GENTLEMEN, 


Ridge det 


E beg leave, in the moft refpectful manner, to lay before 
You, 4n eafy and fure Method of afcertaining the Lon- 
gitude, or Difference of Meridians af Sea, within a 
Degree of a Great Circle, or jixty Geographical Miles, by 
means of certain Infiruments contrived for that Purpofe ; the De- 
Jeription whereof we think proper to exhibit in this public manner, in 
order 
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[4] 


order to difappoint the Intentions of fome Perfons, who are difpofed, 
on all occafions, to aflume to themfelves the Credit of other Men’s 
Inventions ; as well as to prevent the Trouble and Inconvenience 
that might arife from fuch a Prefence of their having At on the fame 
Difcovery. 

We are not infenfible, that a Propofal of this kind is attended 
with many Dzficulties and Difcouragements : ‘The various Idle 
Schemes and Chimerical Projects that have been offered as Di/co- 
veries of the Longitude, have fo much prejudiced Men’s Minds 
againft all Propofitions of this fort, and brought fo much Difgrace 
on the Projectors, that every Attempt to folve this valuable Problem, 
is now ridiculed as the effect of a weak, or a diftempered Brain : 
The Thing itfelf has been fo long the Reproach of Art, and every 
Effay, how promifing foever, has hitherto proved fo un/ucce/sful, 
that the greateft Part of Mankind look on it as an Impoffibility ; for 
which Reafon, we expect, what we fay on this Subjeét, will be 
treated, by many Perfons, with Ridicule and Contempt. 

However, we fhall endeavour to remove this Prejudice, by thew- 
ing, that the Di/covery of the Longitude at Sea, is neither zmpofible, 
nor zmpracticable. 

With regard to it’s Pofidility, Mathematicians are well enough 
fatisfied in that Point; more efpecially, the Method we are about to 
propofe, and hope to render praéficable, has long been approved of, 
and recommended by the beft Aftronomers, as true in Theory, tho’ 
very dificult in Praétice ; which we could readily make appear, by 
feveral Teftimonies in the Philofphical Tranfaéctions, and elfewhere ; 
but we fhall content ourfelves, at this Time, with quoting a 
Paflage or two, from the late Reverend Mr Flam/ffead, and the 
prefent Royal Aftronomer of Greenwich, the Learned Dr Halley, 
who are not more univerfally, than defervedly, celebrated for their 
confummate Knowledge and Skill in thefe Affairs, 

Mr Flam/tead’s Words are thefe; (Phil. Tranf: No. 151. p. 302.) 
“« The Eclipfes of Jupiter's Satellites have been efteemed, and certainly 
“< gre a much better Expedient for the Difcovery of the Longitude, 
than any yet known, by reajon that they happen frequently; and are 
eafily obtervable with a TLelefcope of twelve Foot, or for need, with 
** one of Eight. 


Dr Halley, 
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Dr Halley fpeaking of the Method that the Royal Academy at 
Paris ufed, tor fettling the Geographical Situation of Places in 
France, fays, (Phil. Tranf: No. 214. p. 237.) ‘ The Method they 
“ have ufed to determine the Longitude of their Places, is by the Ob- 
* fervations of the Eclipfes of the Firft Satellite of Jupiter, which 
“ they find almoft inftantaneous, and with good Telefcopes, difcernable, 
almojt to the very oppofition of Jupiter to the Sun; and it may be 
Jad, that this Account of the Longitudes obferved, has put it patt 
doubt, that this is the very belt way, could portable Tele/copes 
“* fuftice for the Work: And could the Satellites be obferved at Sea, 
a Ship at Sea might be enabled to find the Meridian fhe is in, 
“< by the belp of the Tables Monfieur Caffini has given us in this 
Volume, difcovering with great exactnefs the faid Eclipfes, beyond 
what we can yet hope to do by the Moon, tho she feem to afford us 
the only Means praétticable for the Seamen. However, before Sailors 
can make ufe of this Art of finding the Longitude, 7t will be re- 
quifite that the Coatt of the whole Ocean be fir/t laid down truly; 
for which Work this Method by the Eclipfes of Jupiter’s Satellites, zs 
moft appofite; and it may be hoped, that either a true Geometric 
Theory of the Moon may be difcovered, by the Time the Charts 
are compleated, or elfe, that fome Invention of Shorter Telefcopes 
may tuftice to fhew the Eclipfes of the Satellites at Sea’. 
Now, with refpect to the Praéticability of this Method, here the 
great Difficulty lies; bic Labor hoc Opus! In order, then, to render 
the fame practicable at Sea, and ferviceable to our Purpofe, Two 
Things are principally required, viz. 

Firft, In whatfoever Place the Ship is, to be capable of deter- 
mining, there, the Time of the Day, or Night, to a fufficient 
Degree of Exaétnets, 

Secondly, "To be able ro objerve the Eclipfes of the Firft Satellite 
of ‘fupiter, (or any other Phcenomenon of the like kind) at Sea, 
the preci/e Time of whofe Appearance can be known or predicted, at 
fome other certain Place, or fixed Meridian. 

As to the frft of Thefe, viz. The Way of finding the true 
Time of the Day, or Night, at the Place where the Ship is; altho’ 
moft of the Writers on this Head, have taken it for granted that the 
Thing is very eafy, yet, we apprehend, it cannot be obtained /if- 
ficiently exact, by any of the common Methods practifed at Sea: One 
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of the beft, and moft approved, is that by the ri/ing of the Sun, 
or a fixed Star, proper Allowance being made for Refraction, @c. 
And this needing no Inftrument, would, no doubt, be very eaj/y, 
and come near enough the Truth, if this Appearance could be accu- 
rately obferved, as often as need fhould require: But this we are 
well affured is not to be done, by reafon, that fuch accurate Ob- 
fervations can rarely be made, for want of a clear, perfect, and 
diftinct Horizon. Wherefore, that we might obtain this Regui/ite 
with greater Certainty, and more Frequency, we contrived a New 
Infirument, whereby we are enabled, with much Facility, to take 
the Altitudes of the Sun and Stars at Sea, without an Horizon, 
to lefs than Five Minutes, and confequently to determine the 
Latitude of the Place, and the Ime of the Day, or Night, at Sea, 
fufficiently exaé# for all the Purpofes of Navigation ; efpecially, if 
the Height of the Sun, or Star, be taken, to anfwer the laf? Inten- 
tion, when it is at fuch an Elevation, as to have little or no Re- 
fraction; and is likewife near the Prime Vertical, for then it’s Al- 
titude is changed moft fenfibly, and confiderably, in a very fmall 
fpace of Time. 

This InsTRUMENT we fhall now defcribe; and tho’ it may 
be compofed of any proper Materials, and of any Radius, yet, 
we judge, it will be moft convenient for Ujfe, at Sea, to make it 
a Sextant of Bra/s, caft in the Form exhibited by the Scheme ; (See 
fig. 1.) Let the Radius CA, of it’s greateft Arch AB, be twelve 
Inches, (or thereabouts) which Arch is graduated only into fingle 
Degrees: ‘The outermoft Edge thereof mutt be curioufly divided, 
or cut down, into two Hundred and forty fine Teerh, equal to, 
and at an exact Diftance from, each other; of which, there will 
confequently be four in the {pace of one Degree: On the Center of 
this Arch C, is fufpended upon an Axis that turns in Pevet Holes, 
a ftrong Label, or Pendulum of Brafs, CD EF G, fifteen Inches 
long, which is elevated a little above the Surface of the Sextant, by 
means of a Roller fixed to it, which runs on the leffer Arch, m n, in 
ofder to avoid Friétion, as much as poffible, in it’s Vibration: The 
upper Part of this Pendulum CD, is made in the Form of a flat 
Ruler, of the length of nine Inches; the /ower Part of it, DEF G, 
is a Cercle, fix Inches in Diameter, about one Third of whofe Area, 
or the Segment thereof, x y z, lying directly over the great Arch of 
the 
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the Sextant, is left open, that the Degrees thereon graduated may 
appear thro’ it; and the C4ord of this Segment x z, has it’s thickneds 
filed away, or floped down, to a Bevzl or Chamferd Edge, which is 
made circular, fo that it may apply clofe to the faid graduated Arch 
AB. Theremaining Part or Segment of this Circle, E G F, is filled up 
with folid Brafs, to give it a fufficient weight. Each Quadrant of 
the Rim, or Periphery of this Circle DEF G, is divided and num- 
bered into fixty egual Parts, or Minutes, like a Dial-Plate: At the 
Center of this Circle p is placed, in a proper manner, a Pinion of 
fixteen Leaves, exactly proportioned to the Teeth of the great Arch, 
in which it plays freely, and turns once round precifely, whilft the 
Label, or Pendulum, pafles over the {pace of fcwr Degrees: This 
Pinion carries round with it an Index, or Hand, 1, fixed upon it’s 
upper Part, which, in it’s Revolution, marks, or foints to, the M7- 
nutes engraved on the Periphery, or Dial-Plate aforefaid ; the 
Degrees being /hewn, or cut, at the fame Time, on the Arch of 
the Sextant, by a right Line, (drawn for that Purpofe upon the 
Slope, or Chamferd Edge, from the Center of the circular Part of 
the Label, or Pendulum) whilft it hangs perpendicular to the Ho- 
rizon, which it will do moft conftantly and exaétly, notwithftand- 
ing the fmall Friction occafioned by the Pinion, and the Axis on 
which it turns; provided the Initrument be fixed in a vertical 
Plane, with it’s Arch downwards, in the Time of Obéfervation. 
From what has been faid, it is eafy to perceive, that an In- 
ftrument thus formed, ought to be held, when it is made ufe 
of, as feady as pofiible, leaft the Pendulum vibrate fo much, as to 
caufe a great Uncertainty, or Error, in the Angle to be meafured : 
And here we muft acknowledge, a confiderable Difficulty occurred 
in this Matter; for, if plain Sights, or a Telefcope in the ordinary 
Way, were fixed on one of the Radii of this Sextant, with it’s 
Objet-Glafs towards the Center, and it’s Eye-Glafs next the Arch, 
it will be neceflary to elevate the Arch, and confequently the whole 
Inftrument above the Eye, in fach a manner, as to put the whole 
Body of the Obferver into a moft irkfome and unfteady Pofture ; 
by reafon, that the Arms muift be extended upwards, and the 
Head reclined backwards, in order to view an Obje@t of any con- 
fiderable Altitude: In fuch an uaea/y Pofition, it is fearce pof- 
ible to hold any Inftrument fo /feady as is requifite, efpecially 
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[8 ] 
on Ship-doard, which any one may be readily convinced of that is 
difpofed to make the Trial: Wherefore, we found it would be 
abfolutely neceflary to contrive fome other Method, whereby, an 
Obferver at Sea might be enabled to hold this Inftrument with 
lef{s Uneafinefs, and more Steadinefs; and this we effected in the 
following manner. 

Inftead of a Refra&ting Telefcope to be placed on it’s Radius, 
as has been ufual, we devifed a New Infirument, which for Dz/- 
tinélion fake, and upon account of the /igular Ue we defign to 
make of it in Aftronomical Obfervations, we fhall take the liberty 
to call an Affrofcope. An Aftrofcope is thus formed. 

In heu of an Objet-Glafs, let there be made a ¢riangular 
Glafs-Prifm, one Face whereof is a Segment, or Portion of the 
Convex Surface of a Sphere, whofe Radius is nearly one half of 
the Length of the defigned Inftrument; and the two other Faces 
Plane-Quadrilateral Figures, three of whofe Szdes are Reétilinear, 
and the fourth Side, an Arch of a Circle: If the Sudbtenfe of the 
Arch be confidered as one Side, inftead of the Arch itfelf, then, 
one of the faid Faces will be a Sguare, and the other (which we 
fhall call it’s Bafe) a Parallelogram, whofe Length is to it’s Breadth, 
in a fubduplicate Ratio of Two to One. The Angle of the Prifm 
in which thefe Plane Faces meet, muft be Forty-five Degrees ex- 
actly ; and then, if we imagine a Plane to pafs through the 
Periphery which terminates the {pherical Face, it will be perpen- 
dicular to, or make a Right Angle with, the f{quare Face; and 
be znclined to the Bafe, or Parallelogram, in an Angle of Forty- 
jive Degrees. 

In one End of a brafs Tube we fix a Convex-Lens, or Eye-Gla/s, 
of a fhallow Charge, and a great Breadth ; and at the other End, 
the Pri/m thus formed, with it’s Convex Face turned towards the 
Eye-Glafs, in fuch a manner, that the Axs of the Tube paffes 
through the mzddle of it, at right Angles, and inclined to the Baf, 
or Parallelogram of the Prifm, in an Angle of forty-five Degrees ; 
then will the otber Plane Face, or Square, of neceflity, lie parallel 
to the faid Axis; directly over which, to give a Paflage to the Rays 
of Light into this Inftrument, a circular Hole, or Aperture, of a 
proper Magnitude, is cut thro’ the Side of the Tube. 
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[9] 

Thofe who are skilled in Optics will readily perceive, that if 
the Rays of Light which flow from any one Point of an Obje& 
vaftly diftant, be confidered as parallel to each other, at their Inci- 
dence upon the outermoft Face of the Prifm, and pafs through it 
at Right Angles, they will be all reflected at it’s Bafe, in fuch a 
manner, as to proceed in Right Lines parallel to the Axis of the 

ube, till they arrive at the Convex Face, where they will, at their 
Emergence, be refracted, fo as to converge towards a Point, nearly 
diftant therefrom, by the Diameter of the Sphere to which the 
faid Convex Surface was ground, and will there form a diftant 
Image of the Obje&; which Point muft therefore be the common 
Focus of the Prifmatic-Obje&-Glafs and the Fye-Glafs ; where 
two Hairs are to be placed at Right Angles to each other, in- 
terfecting mutually in the Axis of the Tube. 

By an Affrofcope thus formed, this peculiar Advantage is obtained, 
that we are not obliged to elevate it, or hold it above the Head, 
in a troublefome Pofition, in order to view any Objet by it; for 
it is evident, from it’s Conftruétion, that the whole Tube, in the 
Time of Obfervation, muft be depreffed below the Eye, till it’s 
Axis lie in fuch a Situation, as to be perpendicular toa Right Line 
drawn to it, or imagined to be fo, from the Objeé to be ob- 
ferved; for then the Image of that Obje@ will be diftin@ly feen 
by an Eye looking upon it through the Eye-Glaf§: And here it is 
to be noted, that all Objects will appear in this 4frofcope, Ereét, 
as in a Day-Telefcope, but inverted with regard to Right and 
Left. 

On each of the outermoft Radii. of our Sextant CA and CB, or 
parallel thereto, we place an Aftrofcope, with it’s Eye-Glafs towards 
the Center, and the Prifmatic-Object-Glafs towards the Arch: And 
thus the whole Inftrument will be finifhed, and adapted for Obferva- 
tion, or taking Altitudes at Sea, or Land, without an Horizon. We 
fhall in the next Place explain the 
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Let the Odjerver, either fitting or ftanding, hold the Inftrument 
in doth his Hands, with it’s Arch downwards, in the fame vertical 
Plane with the Odjec?, and placing one Eye to that End of the 

C Aftrofcope 
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xt the Center, let him elevate and deprefs 
the Object ae vifible, 0 or Heer at 
the Inter} 8 sano che Hairs, in the Focus of the Aftrofcope 5 ; upon 
which it is to be kept as fready as pofiib! le, till the Pendulum has 
nearly finifh ed it’s Vibration, or till it’s Motion is almoft ceafed. 
an this t the /o: e Difficulty lies, which will e ealily be overcome by a 
little Cu/ftom aa Praétice ; {o that a Perfon fome time accuftomed to 
make Obferve tions with it, on Ship-board, will be able to hold it fo 
fieady, that the Vaczllation of the Pendulum. will Seldom caufe an 
Uncertainty of more than three or four Minutes, in the Angle to 





be taken: And if the Motion of the Ship fhould be fo great, at  fome 
times, as % make the Index vibrate’ more than is here mentioned, 
ret the Extremes of that Vibration may be woted, and the mean 


Number will be that which is required. 

By the Afrofcope, if it be made (as it fhould be for this Ufe) 
to take in an Area, or Field of feven or eight Degrees, an Obje& 
may be readily found in this manner, -and brought to the Interfec- 
tion of the Hairs in it’s Axis; -the Pendulum then fettling itfelf per- 
pendicular to the Horzzon, may be ftopt there by the Finger, or a 
Catch for that Purpofe; and the Degrees and Minutes fhewn there- 
by, will Bie Be ae acloL tie Object, quam proxime, in 
cafe that Aftrofcope was made ufe Phe which is fixed on the Radius 
CA, drawn from the Center C to A, the beginning of the Degrees 
graduated upon the Arch: But if the other Affrofcope KL is ufed, 
(which will be mece/fary when the Object is elevated more than fixty 
Degrees above the Hori zon) then the Pendulum in it’s Perpanet- 
cular Situation, will mark the Degrees, and the Index will thew the 
Minutes of the Object’s. Dif! ace from the Zenith. 


DE IM ONIN S FORRA Fe ON: 


J ET 8S reprefent any Olyett feen in the manner before defcribed, 
* igi SE DE Inter eétion of the Hig f, in the Focus of the Aftrofcope, 
y the Eye of an Obferver placed at O; draw the Right Line Sq, de- 

feribed by a Ray; flowing from the Genie of the Object, and paffing 
through the m iddl le of the eutermys Face of the Prifm, at Aight 
Angles, to the fa q in it’s Bafe, where it will be reflected, in fuch 
@ manner, as to become cot? ‘cident with the Axis of the Aftrofcope, 
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[11 J 
making the Angle S qf, a Right one (by the Conjirudtion of the 
Prifm already given). Cecheca the Line Sq till it meet the Radius 
of the Sextant CA.in R, then will the Anghe, ® SRC be hkewife 


Sane becaufe RC is parallel to qs (by by boposbefa)- Through the 
Pont R, draw the Right L Lt eH] D, perperi dicular to the Plumb-line 
y 


of the ee dulum C D; which will therefore be an Horizontal Line, 
the Angle ARS, by eanfequence, is the true Altitude of the Ob- 

jet S. Now we are to L100: that the Angle RCD, whofe Meafure 
2 Arel cut by the Pendulum or Plumb-line C D,, produced 
ea refi z1d AA Angle HRS, or the true Altitude of 
the Object. By the thirty-fecond Propofition of the firft Book of I Euclid, 
Le outward Angle HRC, that is, the Angle HRS-+ the Ang le 
1s equal to the tu 9 inward and o ppeke e Angles pops: together, 

EADS SS C; 6 but the AngleSRC is equal to RDC, for 
t el ght (by Conftruétion as was. fhewn above) ; therefore 
the Angle HRS is alfo equal ta the Angle RCD (Euclid, Axiom 

ope OTA ADE 

ale like manner it may be fhewn, that the Angle comprehended between 
‘he Radius BC and the vertical Line of the “Pendulum CD, will be 
equ cal to the Zenit b-Difiance of any Ob ech, feen or obferved by means 
of the other Aftrofcope K L, which lies parallel to the Radius CB, 
drawn from the Center C to the End 7 the Degrees on the Arch at B. 


eh) 


There is another Manner of ners the Sun's Altitude by this 
Sextant, when He /hines clear, which is thus: Let -the Ober ver 
hold the In trument as before, in the fame vertical Plane with the 
Obje G, it’s Arch being downwards, and the Face of it turned towards 
him; then let h um elevate and depre/s it, till a Convex Lens fixed 
upon one of it’s Radi, form a bright Spot, or Image of the Sun, at 


; Tr Se aren a 2 eae 
the Inter/ection of two nis res drawn ona Plane, that is placed in it’s 





Focus, mY, Right An gles, to the Axis of the Lens; and the Pendulum 
hanging perpendicular at the fame time, to the ie sRitpa will fhew 
the Degrees shor Minutes of the Sun’s Altitude, or his Diftance from 
the Zenith, in the fame manner as before. 


It is fcarce needful to mention, that if inftead of a Sextant, the 
uftrument be made a Quadrant, one Aftrofcope placed on erther of 
the Radii, will /ufice to obferve Objects at all Degrees of Altitude. 

We may likewife add, that ‘4 common U/e at Sea, ’twill be fufi- 
cient 
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iz « that it is 
Opinion of many 7 Pétion “as much wanted ne defired, for the 
Safety of Ships Seid Prefer vation of Mens Lives, as the Longitude 
itfelf: Now, it is but too w ell know n, by long and fad Experience, 
nce that the very ‘bef Infti pend if they require an Horizon, are often 
a rendered u/éle/s by the want of it, w when the Need of them is greateft, 
_ (ij and the Danger moft imminent; as for inftance, in coming in with 


j 
Y. 


the Land or Coaft of this Ifland, in V oyages from the Eaf and W eft 
Indies, Gc. for in our uncertain Climate ’tis rare to have a clear and 

perfect Horizon, and that too muft be feen when the Suz is-upon 
the Meridian, otherwile ’tis of no Service for this Purpofe ; by 
| which means a very able Commander affures us, he =p in difap- 

pointed of obtaining the Sun’s Meridian-Altitude, from e Day to 
another, for feveral Weeks together, and this 7 no wile octane 
| by tempeftuous Weather ; for Seamen, as the ingenious Fe Hadjey 
: obferves, (Phil. Tranf: No. 430. p. 167) “ are much finer fenfible 
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az “< of this LImpediment | in calm Weather than in roug p, > “Now the 
— Necefit of { ecing the Horizon, is an Inconventence we have intirely 











removed, infomuch , that if the Place of the Sun in the Heavens is 
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' but vifible as He fhines through a Cloud, tho’ fo faintly as to 
ac sive 10 Shade yet an exact Ober tion may be made, and his true 
<a: Altitude obtained, Oy, means of our Inftrument : But we have ye 

ce a much greate r Ben ef y ay it; for tho’ the Sun thould not be fee 
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[ 13 ] 
at MNoon-Day, it may, and often does happen, that the Heavens are 
clear and ferene at tome time of the Night: And fince, at a// Hours, 
there will be ove or other of the moft noted of the fixed Stars, upon, 
or near the Meridian, the Opportunities of taking their Altitudes, and 
confequently of finding the Latstude at Sea, will be as frequent a 
can be defired. 

The /econd Advantage of our Inftrument is, that we are enabled to 
obtain the Altitudes of the Sun and Stars at Sea, more accurately 
than by any other; and this is derived from the fame excellent Pro- 
perty of it’s Ujefulnefs without an Horizon.’ - With regard to the 
Stars, we need not fay how altogether zu/uficient the Inftruments 
hitherto ufed, are for th7s Purpofe; and in taking Altitudes of the 
Sun, with the common Quadrants, the Error that almoft conftantly 
arifes from the Indiftinétnefs, Obfcurity, and Uncertainty of the 
Jenfible Horizon, when looked at as an Oljeé#, is much greater 
than is generally believed by thofe that have made no Experiments 
to afcertain it: However, that the Error is confiderable, we att 
fully convinced, not only by the Rea/on of the Thing, but alfo by 
the Experience of a very skillful and judicious Navigator, Captain 
Chriftopher Middleton; to whom the Public is indebted for many 
curious and ufeful Obfervations, made in his Voyages to Hudjon’s 
Bay. This Gentleman (whofe Example it is to be withed other 
Commanders of Ships would follow) has compared feveral Altitudes 
of the Sun, taken on purpofe, with very accurate Inftruments, in 
fill Water, both with, and without an Horizon; and from all his 
Trials, he conftantly found a Difference between them, and difco- 
vered an Evror to be introduced from the Uncertainty of the Horizon 
only, which frequently amounted to thirty Minutes, or more, and 
Jeldom to fo little as five: This Imperfection has no place in our 
Infirument, which 1s not fubject to the leaft Error on this Account ; 
and the greateft that can happen thro’ the Un/feadine/s of the Pen- 
dulum, will feldom be fo much as five Minutes, in the Hand of an 
Odjerver who has accuflomed himfelf, for a little time, to the Uf of 
it on Ship-board. 

A Method of taking Altitudes at Sea to fo great a Degree of Ex- 
actnefs, is of fuch Advantage, not only in finding the Latitude of 
the Place, but likewife for folving many other Problems ; more pat- 
ticularly, that of obtaining the true Y7me of the Day or Night, 
D which 
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[ 14 J 
which has hitherto been fo dificult to accomplith, with fufficient 
Certainty; that Mr Hodg/on, in his excellent Sy/em of the Mathe- 
matics, Vol. 1. p. 383. fays, “ Whoever can contrive any way to take 
‘© the Height of the Sun, or any fixed Star, at Sea, to one or two 
“Minutes, may fairly be entituled to a Share of the Difcovery of the 
“* Longitude, and ought to have a proportional Reward. 

With refpect to the Accuracy of our Inftrument, we fhall, in this 
Place, take notice of another Property in which it exce/s, and that 
is, the manner of it’s Graduation. It has hitherto been very diffi- 
cult, in Inftruments of fo fall a Radius as this, to graduate them 
into Parts minute enough for very accurate Obfervations, without 
much Confifion: This Defect we have remedied, by a new Method 
of dividing the fmall Space of a Degree, more exactly, minutely, 
and diftinctly, than can be done by any of the common ways in 
Ute: Hence it is that our Sextant is exceeding accurate, tho’ the 
Radius be very /mall; and the Minutes are as vifible, and as eafily 
diftinguifbed here, as in other Inftruments whofe Size is ten times as 
large. 

A third Advantage of this Inftrument is, that we can obtain the 
Altitudes of the Sun and Stars, at Sea, more eafily than by any 
other. Now this Facility arifes from our having only one Object to 
regard, which we can find moft readily by our Affrofcope ; whereas, 
thofe who make ufe of an Horizon, have this Inconvenience, that 
they muft, of neceffity, fee two Odjeéts together, at one and the 
fame time; but one of thefe Objects, to wit, the Horizon, tho’ it 
be ever fo clear and perfect, is frequently /of by the Surge of the 
Sea, or intercepted by the Rifing of the Billows between It and the 
Obferver’s Eye ; and all Inftruments whatfoever, that require an 
Horizon, are unavoidably /udject to this great Obfruction ; for it is 
not, fimply, the Motion or Unfleadinefs of the Obferver’s Hand, as 
fome have imagined, which, in this Cafe, difturbs the Obfervation, 
fo much as the Interpofition of the Waves of the Ocean, or the 
Swelling of the Sea before-mentioned, that really and abfolutely 
deprives us of the Sight of the Horizon, for fome time, permitting 
it to return only by Fits, as it were, and fnatching it again from 
our View, on a fudden. To thefe Interruptions our In/trument is 
not Hable, which mutt certainly recommend the Ufe of it, and render 
it acceptable to fach as have experienced how tedious, troublefome, 
2 and 
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[15] 
and difficult it is, to adjuft the Sights, or Vanes of the common 
Quadrants, for taking Altitudes on Ship-board. 

The fourth, and lafi Advantage, that we fhall at prefent mention, 
of this Infirument, ‘is it’s Ujefulnefs at Land, as well as at Sea: 
Now many Perfons who ule the Sea, will think, perhaps, they 
receive no Benefit by this Property of it, but a little Confideration 
will convince them of the contrary; for it has already been hinted, 
of how great Service it would be, to have the Coaft of the whole 
Ocean truly laid down ; and we may reafonably hope, that an Infiru- 
ment {0 portable, and not at all cumberfome, fo accurate, and not 
fubject to warp, or alter with the Weather, in a word, fo ea/j, 
and even pleafant in the manner of it’s Uje, will be fufficient of 
itfelf, to zuduce the Commanders of Ships, and other curious Per- 
fons, to take the Meridional Altitudes of the Sun or Stars, at all 
the Places and Ports where they come; by which means, they might 
foon furnifh us with great Numbers of exact, and ufeful Od/erva- 
tions for correcting and afcertaining the Situation of Places in Maps 
and Sea-Charts, to the great Improvement of Geography and Navt- 
gation; to which, if they would alfo be pleafed to add the Odfer- 
vations of the Eclipfes of Fupiter’s Satellites, which they may with 
great Eafe and Pleafure do, by means of the Telefcope hereafter- 
mentioned, we might foon expect to fee thofe Arts advanced to 
their higheft Perfection. 


We now proceed to the fecond Thing propofed, viz. to be able 
to obferve the Eclipfes of the Fir/? Satellite of ‘Fupiter (or any other 
Pheenomenon of the like kind) at Sea, the precife Time of whofe 
Appearance can be Anown or predicted, at fome other certain Place, 
or fixed Meridian. 

To this End, we fhall here defcribe the manner in which a To- 
lefcope, eafily manageable on Ship-board, and altogether fuficient for 
this Purpofe, may be formed. 

Let there be made a Jude, or hollow Cylinder of Brafs, ABCD, 
(vid. Fig. 2.) about four Foot long, and four Inches, or fomewhat 
more, in Diameter, dyed as black as poffible on the Infide. At 
one End of this Tube, a metalline Speculum, 1 F, fpherically con- 
cave, and polifbed with the utmoft Care, whofe focal Diftance is 
forty-eight Inches, or thereabouts, muft be fixed, fo that it’s 
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[ 16 } 
Axis may coincide exaGtly with that of the Cylinder : Near the other 
End of the Tube, which is open, a brafs Arm, or Handle HG, 
muft defcend into the middle of it’s Cavity, which may be moved 
nearer to, ot farther from, the great Speculum, as occafion requires, 
by means of a S/ider, to which it is fixed at the Side of the ‘Tube. 

To the End of this Arm is cemented a {mall oval Plane, of 
polifhed metal, or rather a Triangular Prifin of Glats, p97, whofe 
uppermoft Angle r, isa Right one, and the other two are each ex- 
actly Forty-five Degrees: The Faces of the Prifm, which meet in 
the Right Angle, are exaétly /guare; and the third Face is a Reét- 
angular Parallelbgram, whote Breadth is to it’s Length, as 1 to 
the fquare root of 2. This Pri/m mutt be placed in fuch a manner, 
that a Ray reflected from the Concave Speculum, may pafs thro’ the 
middle of the {quare Face p r, at Right Angles, but inclined to the 
Parallelgram in an Angle of Forty-five Degrees, and it’s Diftance 
from the Concave Surface of the Speculum EF, fuch, that the 
Rays reflected from the Concave, xm, zn, after their /econd Reflection 
at the Bafe of the Prifm, may meet or umite in the Infide of the 
Tube, at 7; that is, fo as the Diftance of the Focus 7, from the 
reflecting Surface of the Pri/m, and of that from the Concave Spe- 
culum, may be equal to the Focal Diftance of the Concave Specu- 
lum itfelf. In the Side of the Tube, an Aperture or Space is cut 
open, to give a Paflage to the reflected Rays, which are conveyed 
to the Eye through three Convex Eye-Glafes, placed in a {mall 
brafs Tube, STO, at Right Angles to the Great one: The Focal 
Length of the Lens next the Eye, is about one Inch, and as broad as 
may be: The other two Eye-Glafles are exactly a-like, and the 
Focal Length of each, about two and a half, or three Inches : 
The Telefcope thus formed, reprefents all Objects Ered, and they 
will appear in it as bright, as difiinct, and as much magnified, as in 
the beft refracting one of fixteen Foot, charged with a four-Inch 
Eye-Glafs ; and confequently the Satellites of Fupiter, will be as 
plainly and clearly difcerned in ome, as in the other. Now we 
have already fhewn, by the dwthorities we quoted, that if fuch a 
Telefcope could be made uféful and manageable on Ship-board, it 
would not only /uffce, but alfo be the very deft way to determine 
the Longitude, or Difference of Meridians at Sea; but hitherto zo 
Methyud has been difcovered of making Telefcopes /erviceable at 
Sed, 
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Sea, in celeftial Obfervations, when they magnify in any confide- 
rable Degree. The Caufe of this mutt be attributed, either to the 
fuppofed Impracticability of finding an Obje& the reby readily, ox 
elfe to the Dificulty of keeping it in View within the Tele/cope, 
when it is found, by reafon of the rolling Motion of the Ship, 

As to the ff Timpediment, which is indeed the greateft, we have 
contrived a Method, whereby it is intirely removed, wz. b 
placing an Aftrofcope, fuch as we have before defcribed, at Right 
Angles, to the Axis of the great Tele/cope, adjoining to, and of the 


ine Length with, the imal Tube which contains ‘fia three. Eye- 


Glaffes: By means of this Affrofcope, which takes in a Field of 


feven or eight Degrees, any Object may be found mott readrly, 
and brought near to the Interfection of the Hairs, in it’s Focus, at 
which Time the Eye may be removed, with Eafe, to the Eye-Gla 
of the great Telefcope, (forafmuch as ‘they are clofe to one another) ; 
and the Object will then be wz/b/e in that alfo: Thofe who hase 
accuftomed eae to look with doth Eyes at once, which it is 
eafy to do, may place the Eye-Pzece of the Affrofcope, ata Diftance 
from the Bye -Piece of the ls equal to that between the two 
Eyes of the Obferver, after the manner that is prac Sifed in a 

Binséis -Telefeo e; fo that while he fees the Object in the a8 
cope with one Eye, he may likewife view it in the Telefcope witl 
sie other Eye. 

Now, as to the fecond Difficulty of retaining the Object in View, 
wit deus lofing the Szght of it after it is found, “We need only cee 
that the Bagi of the Great Telefcope will be a whole Degree, or 
thereabouts, which is a confiderab le Space ; and alfo that the TA 
fition in which this kind of Telefcope mutt of neceflity be held, 
in the Time of Obfervation, will, of itfelf, contribute very much 
to the Stability required; for the open End of the gre eat Tube 
will be very little aboue ue BYE» and the rema ining Part of it will 
lie zntirely below it, Pp: afling along the sg Side or under the right 


Arm; which is a Siéwation m oft advantageous for fupporting, ma- 
° aed . - 
naging, and directing it, with little Trouble or Uneafinefs. To 
this we may likewife ‘add, that it is not in the leat cumberfome or 
unweildy, either from it’s Length, or it’s. Weight, which. need. not 
be at molt, above Sourteen Pounds ;_ befides, it is eafy to /ap- 
port the lower End, in which the great Speculum lies, by ; 
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a Sufpenfory from fome Part of the Body, if need require it, fo that 
the Hands (hall feel very little of it’s Weight, and be at intire Li- 
berty to govern and adyuft it. 

The Learned Dr Halley (in the Appendix to the fecond Edition 
of Street’s Caroline Tables) affares us, “‘ He bad found, it only needed 
« 4 little Practice, to be able to manage a five or fix Foot Telefcope, 
“ capable of foewing the Appulfes, or Occultations of the fixed Stars by 
“© the Moon, on Ship-board, in moderate W eather’. 

Now ’tis evident, that the Tele/cope we have defcribed, takes in 
a larger Field, and may be managed with much greater Hate than a 
refraciing one of five or fix Foot, or even than one of four Foot; 
for in ours, there will never be any occafion to recline the Head, 
and extend the Arms aloft, as ’tis neceflary when we look upwards 
at an Object, with a refracting Telefcope 3} which manner of Ob- 
ferving is not only tzrefome, but likewife creates in the Obferver 
fo great an Unjteadine/s, that he cannot, without much Dzficulty, 
dire& the Inftrument {0 as to keep the Object in View for the 
{malleft Space of Time. 

Upon this Head we fhall alfo cite the Authority of that inge- 
nious Gentleman, Mr Hadley, before-mentioned, who tells . us, 
(Phil. Tranf. No. 430. p. 172.) “ He has been informed, that an 
<< Objeét may be kept in View without much Dificulty, even in pretty 
“< rough Weather, through a [refracting] Telefcope, magnifying about 
<< ten times: Now as fuch Telefcopes feldom comprehend an Area of 
<< much more than one Degree in Diameter, or at moft one Degree 
<< twenty Minutes, it follows, that the Axis of the Telefcope is always 
<< kept within forty Minutes, at moft, of the Objet, and that 1s the 
“ greate/t Vibration of the Image above and below it”. 

Wherefore fince our Telefcope admits of as /arge a Field, and is 
lefs dificult to manage than thofe refracting ones, which have been 
found by Experience to be /erviceable at Sea, we may very well 
venture to affirm, that a little Practice will render it eafy for an 
Obferver to hold our Telefcope on Ship-board, fo fready, that an 
Objeét once feen in it, will feldom be 4/7, or thrown out of it, by 
the ordinary Motion of the Ship; or if it fhould fometimes be fo, 
it may quickly be recovered again, by the help of the A/frofcope. 

When this Telefcope is not ufed, the Odjeét-metal muft be taken 
out of the Tube, and kept clofe /hut up from the Air ; and if it 
happen 
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happen to foil ot tarnijh, it may be cleared again eafily, by 
it with foft Leather, or a Rag, and a little Spirit of Wine. 

We have now fhewn how the Eclip/es of the jirft Satellite of “fu- 
piter, (or any other Phoenomenon of the like kind, fuch as the E- 
clipfes of the other Safe/lites, the Appulfes of the Moon to the 
fixed Stars, &c.) may be obferved at Sea, with great Certainty, and 
much Facility ; as likewife how the true Time of that Obfervation 
may be obtained, at the Place where the Ship is: It only remains, 
that we be able to know the Time when the fame Appearance hap- 
pens in fome other Place, or fixed Meridian ; for Example, at 
London; becaufe, this alfo being afcertained, the Difference of the 
faid Times converted into Degrees and Minutes of the Equator, 
will give the Diflance of the Meridians of thofe two Places, or 
difcover the Longitude at Sea. Now the Times when the Eclip/es 
of the firft Satellite of Fupiter happen under the Meridian of Lon- 
don, may be computed exaéily by the Zad/es annexed. 


We think it proper, before we conclude, to intimate of how 
reat Ufe and Benefit a good Time-Keeper will likewile be, for afcer- 
taining the Longitude of Places at Sea, in the Intervals between the 
Objervations of thefe Eclipfes: Infiruments of that kind are now 
made in fo great Perfection, that for the moft part, they may be 
depended on for feveral Days together, without any confiderable Error. 
However, fince by the Method here propofed, we {hall be furnifhed 
with frequent Opportunities of correcting and adjufting them, as well 
as of difcovering how much their Variation amounts to, in the 
Time elapfed between one Obfervation and another, when they go 
too faft, or too flow; we fhall confequently know their daily De- 
viation or Error, and in what manner to make a proper A/lowance 
for it in our Calculations; by which means they will become as 
ufeful to us, for this Purpofe, as if they had gone moft conftantly 
true, without any Change ot Alteration ; all which is fo manifeit 
and obvious, that we need not here enlarge upon it. 

This Propofal, Gentlemen, of a Method for Difcovery of the 
Longitude at Sea, we fubmit to your Confideration, as you have 
been conftituted the proper Fudges of it by the Legiflature ; who 
have alfo been pleafed to declare, that fuch a Di/covery would be of 
particular 
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[ 20 ] 
particular Advantage to the Trade of Great Britain, and an Honour 
to this Kingdom. 

We therefore hope, that an Endeavour to improve fo beneficial 
and excellent an Art, as this of Navigation, and advance it to a 
higher Degree of Perfection, will meet with your 4pprobation and 


Encouragement. 
We are, 
With the greateft Deference, and Regard, 


GENTLEMEN, 


ye 
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The Ufe of the foregoing TABLES; or Precepts for computing, dy 
: : ee ped ake: ) PS 3 d vot as 

a . bs * 0 ET i , ie 2 rs Tt; gf s rae 
them, the Times when the Immerfions and Emertions of Jupiter's 


Firft Satellite; Lappen under the Meridian of London. 
1.9 N the frf Table, intituled, Epoche Conjunétionum Mediarum, 

A &cc. look for the Year propofed, and write out the Epocha 
of the mean Conjunction, or the Day, Hour, Minute, and Second 
thereof, together with it’s correfponding Numbers, A, mee 

2. In the fecond Table, intituled, Revolutiones Primi Satelhtis 
‘Fouts in Menfibus, feek the Month in Queftion, and write out 
the Day, Hour, Minute, and Second, next lefs than the Time, 
on which the Eclipfe fought, has already, or will hereafter happen ; 
together with the Numbers A and B, annexed thereto. 

3. Add the Numbers A together ; and likewife the feveral Times 
collected from the Tables (by the fir/t and fecond Precept) and the 
Sum of thefe will be the mean Time of the middle of the Eclipfe 
required. 

4. Enter the third Table, intituled, Prime Alqiationes Conjunc- 
tionum; &c. with the Sum of the Numbers A, (obtained by the 
third Precept) rejecting the Thoufands, and take out the firft E- 
quation of the Conjunctions anfwering thereto; and alfo the Equa- 
tion of the Number B. 

5. Add together all the feveral Numbers B, thus equated, (re- 
jecting the Thoufands) and write out the fecond Equation of the 
Conjunctions, anfwering to their Sum, from the fourth Table, in- 
tituled, Secunde /Equationes Conjunétionum, &e. five Generalis 
fEquatio Lumints. 

6. Enter the fftb, or Jaf Table, intituled, Terticee Aiquationes & 
Semidurationes Eclipfium, &c. with the former Sum of the Numbers 
A, (obtained by the third Precept) and write out the third Equation 
correfponding thereto; and likewife the Semi-Duration of the E- 
clipfe, which is to be fet down a-part. 

. To the mean Time of the middle of the Eclipfe (obtained by 
the third Precept) add all the three Equations (found by the fourth, 


jifth, and fixth Precepts) and that Sum will diicover the. exact 


Time of the middle of the Eclipfe. 
8. If the Sum of the Numbers B, (Precept the fifth) is lets 


than five Hundred, fubtraét the Semi-Duration of the Eclipfe, 
from the Time before found (dy the feventh Direction) and the 


Ly a aes ee 
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Remainder is the exaét Time of the Immerfion required: But if 
the Sum of the Numbers B, is greater than five Hundred, add 
the fame to the former Time, and it will give the exact Time 


of the Emerfion fought. 


g. The Time obtained in this manner, is equal Time, which | 
may be reduced to the apparent, or true, by the Tables of Equa- 


tion of Time ; that are every where to be met with. 


Note, that in the Biffextile Year, after February, one Day muft 


be fubtracted from the Day of the Month. 


We fhall illuftrate thefe Precepts by an Example or two, 


which will render them very plain and eafy. 


Box A-MoP ok i 


4t Pekin zm China, az Immerfion of the Firft Satellite of Ju- 
piter, was obferved the 6th of January, 117 22! 30" p,m. (OS) 
by Ign. Kogler. (Phil. Tranf. No. 420. p. 182.) Ihe Time when the 
fame Eclipfe happened under the Meridian of London, is required ; 
and alfo the Difference of the Meridians of thofe Places. 























Y DH ! I! No. A. No. B. 
Epocha of the Conjundions, (per Tab. 1.) 1730. ——- © 20 11 39 799 468 
Revolutions of the 1ff Satellite, (per Tab.2.) Januaty. § 7 25 48 I 14 
ao pelted) |. mca 1 BEg. 
Mean Time of the Middle of the Eclipfe seme 6. 4°37 23 800 an 
iff Equation (per Tab.3.) ——— comm We Cea 483 
2d Equation (per Tab. 4.) ——_  —— v3 
3d Equation (per Tab. 5.) = 2 22 
Exact Time of the Middle of the Eclipfe, (Eg. Time) 6 4 55 28 
Semi-Duration Subfirad 1 FES ab Semi-duration, 
Mapai ak. brow 
Exad&t Time of the Immerfion, (Eq. Time) —— 6 3 Ta HDs 1 8 26 
Equation of Time, Subftra& 10 45 
True Time of the Immerfion af London -——=— O73 ee pee 
True Time of the Immerfion at Pekin (/upra) 6 11 22 30 
Horary Difference of Meridians ms 7 46 13 which, converted into 


Degrees of the Equator, gives 116 Deg. 13 Min. the Diftance of the Meridian 
of Pekin from that of London: Wherefore, fince the Time at London'was lefs 
than at Pekin, the Longitude of Pekin, (according to this Obfervation) is 116 


Deg. 13 Min. Eat from London 


E-X A M- 
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4 Pekin im China, az Emerfion of the Firft Satellite of Jupi- 
ter, was obferved the 3d of May 9” 28' 45° p.m. (OS) by Ign. 
Kogler, (Phil. Tranf. No. 420, p. 182.) Tbe Time when the fame 
Eclipfe happened under the Meridian of London, #s required; and 
alfo the Difference of the Meridians of thofe Places. 


Y ole = Slat dd aad No. A. No. B. 
Epocha of the Conjunétions (per Tab. 1.) 1730 ——e © 20 IK 39 799 9468 











Revolutions of the 13 Satellite (per Tab. 2.) May — 2 2 53, 21 23 309 
Mean Time of the Middle of the Eclipfle —~ 2 23 o5 00 827 oe, 
iff Equation (per Tab. 3.) eres 1 12 46 779 
2d Equation (per Tab. 4.) od 8 56 
3d Equation (per Tab. 5.) ——es ome 2 38 
Exatt (Equal) Time of the Middle of rhe Eclipfe - 3 00 29 20 
Semi-duration add mms eee 1 8 29 Semi-duration, 
= b é ” 
Exat (Equal) 'Time of the Emerfion ae qe oe 46 1 8 29 
Equation of Time add aes 4 & 
True Time of the Immerfion at London ee ; igs tue 9 9 
True Time of the Immerfion at Pekin (/uprad — 3 9 28 45 
Horary Difference of Meridians —— 7 46 52. ebich, converted into 


Degrees of the Equator, gives 116 Deg. 23 Min. the Difference of the Meri- 
dians of Pekin and London : Wherefore, fince the Time at London was lefs 
than at Pekin, the Longitude of Pekin, (according to this Obfervation) is 116 
Deg. 23 Min. Eaft from London. 
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NX Pe¥ B R TobiSe MM, EAN, 


HE ASTROSCOPE .and TELESCOPE* beraz 
defcribed, are made in the greateft Perfection, by Mr JAMES 
MANN, Spectacle-Maker, at the Archimedes and two Pair of Gol- 
den Spectacle es, near the Cattle-T. avern i” Fleet-ftreet, London ; 
who makes and fells, by Wholefale and Retale, all forts of Profpec- 
tive-Glaffes, Refr atting oS Reflecting Tele/copes, Microftopes, Prifins, 
Poa Glaffes, Spectacles, &c. 


thes eX TAN OE or ASTRONOMICAL INS TRU- 
MEN T, Zerein mentioned, for taking Altitudes. of the Sun and 
Stars, at Sea, wiTHouT amHorrzon, may be feen at the 
Dog-Tavern, or, Union Coffee-Houfe, 27 Thames-ftreet, ear 
Billingfgate ; and is made with the utmoft "Accuracy, by Mr TuoMAS 
Heatu, at thé Hercules, next door to, the Fountain-Tavern aD 
the Strand, London; who makes and fells, by Wholefale and Retale, 
all forts of Mathematical Inf ae for. Land and Sea, curtoufly 
and exactly finifbed in Silver, Brafs, Ivory, Wood, &c. 


BOOKS Printed for G. Str RAHAN, at the Golden Ball, over-againft the Reyal 
Exchange, Cornhill. 


Ntroductio ad Veram Aftronomiam, feu Leftiones Aftronomice, Habitze in Schola 

Aftronomica Academiz Oxonienfis. Authore Johanne Keill, AZ D. Aftronomize 
Profeffore Savilliano, RSS, Editio Secunda multo Auctior & Emendatior. 

Methodus Differentialis; five Traétatus de Summatione & Interpolatione Serierum 
Infinitarum. Auctore Jacobo Stirling, RSS 

Tentamina Medico-Phyfiea, ad'quafdam*queftiones, qua Oceconomiam Animalem 
fpetant, accommodata. Quibus acceffit Medicine Statica Britannica... Authore 
Jacobo Keill, AZD. 
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